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WO 02/18144 Al 

[Note: Names, addresses, company names and brand names are translated in the most 
common manner. Japanese language does not have singular or plural words unless 
otherwise specified by a numeral prefix or a general form of plurality suffix.] 

(54) [Name of the Invention] 

Inkjet Printer and Thick Film Printing Method Using the Same 
(57) Abstract: 

It is an inkjet printer where ultraviolet light curable type ink is discharged from the inkjet 
recording head (5) onto the printing paper (3) thereby conducting the printing onto the 
printing paper (3), where an ultraviolet irradiation device (A) is provided, which is 
comprised of an ultraviolet light generating part (10) that generates ultraviolet light, and 
of the light guiding optical fibers (11a and lib) that guide the ultraviolet light generated 
by the ultraviolet light generation part (10) to the vicinity of the inkjet recording head (5); 
and where thick layer printing is conducted by repeating the following processes: the ink 
discharging process where the inkjet printing head (5) discharges ultraviolet light curable 
type ink onto the printing paper (3), and the ink curing process where immediately after 
this ink discharging process the ultraviolet light irradiation device (A) cures the 
ultraviolet light curable type ink that is adhered onto the printing paper (3). 

Detailed Explanation of the Invention 

Inkjet Printer and Thick Film Printing Method Using the Same 
Technical Field 

The present invention is an invention about an inkjet printer performing thick layer 
printing where ink is discharged by an inkjet recording head; and it is an invention about 
a thick film printing method using the above printer. 

Prior Art 

The thick film printing method using an inkjet printer has been disclosed according to the 
description reported in the Japanese Patent Application Laid Open Number Hei-Sei 12- 
37943. In the case of this thick film printing method, a high viscosity, poor wetting 
properties ink is discharged multiple times on the same location and by that a thick film 
printed material is obtained. In other words, it is a method where the thick film printed 
material is produced by the stacking of layers of discharged ink on the same location of 
the printing media. 
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However, in the case of the above described thick film printing method according to the 
previous technology, because of the fact that high viscosity, poor wetting properties ink is 
used, there is the problem that it is said that the ink discharging performance (capability) 
of the inkjet recording head is poor. 

Also, even when high viscosity, poor wetting properties possessing ink is used, with the 
passing of the time, the ink that has been discharged on the same location of the printing 
media undergoes leveling and there is a high probability that a thick film printed material 
might not be obtained. Also, even if temporarily a thick film printed material might have 
been obtained, it is not possible to prevent the deformation due to leveling and because of 
that it has been difficult to manufacture sharp image thick film printed materials with 
clearly visible details. 

Especially, because of the fact that the wetting properties, the permeation rate, the 
blotting conditions, etc., of the ink vary depending on the type of the printing media, 
there is the problem that it has been said that it is necessary to vary the type of ink so that 
it is appropriate for the type of the printing media. 

Then, the present invention has as a goal to solve the above described problems and it has 
as a goal to suggest an inkjet printer using low viscosity ink that is appropriate for ink 
discharge through an inkjet recording head, where irrespective of the type of the printing 
media it is possible to print and manufacture thick film printed material with a sharp . 
image where the details are clearly visible; and to suggest a thick film printing method 
using the above printer. 

Invention Disclosure 

Then the inkjet printer that is a practical embodiment condition of the present invention is 
an inkjet printer where ink is discharged from the inkjet recording head onto the printing 
paper thereby conducting the printing onto the printing paper, where an ink curing device 
is provided, which immediately cures the ink adhered on the above described printing 
media; and where the ink discharging process where the above described inkjet printing 
head discharges ink onto the above described printing media, and the ink curing process 
where immediately after the ink discharging onto the above described printing media, the 
above described ink curing cures the ink that is adhered onto the above described printing 
media, are repeated. Consequently, by using this inkjet printer, the ink is discharged onto 
the printing media through the inkjet recording head, and this adhered and spread ink is 
immediately cured by an ink curing device, and because of that it is cured in almost the 
same shape as that at the time of the adhering, without permeation or leveling, and then 
on the surface of this cured ink film (layer), the same process is repeated and cured 
matter is successively laminated and stacked and a thick film printed material is 
produced. 

Also, in the case of the above described inkjet printer, it is characterized by the fact that it 
is an inkjet printer where the above described ink is a light curable type ink and where the 



above described ink curing means is a light irradiation device. Consequently, by using 
this inkjet printer, the light curable type ink is discharged onto the printing media through 
the inkjet recording head, and this adhered light curable type ink is immediately cured by 
the light irradiation from the light irradiation device, and because of that the adhered light 
curable type ink is cured in almost the same shape as that at the time of the adhering, 
without permeation or leveling, and then on the surface of this cured ink film, the same 
process is repeated and cured matter is successively laminated and stacked and a thick 
film printed material is produced. 

Also, the above described inkjet printer is an inkjet printer characterized by the fact that it 
is an inkjet printer where the above described light curable type ink is an ultraviolet light 
curable type ink and where the above described light irradiation device is an ultraviolet 
light irradiation device. Consequently by using this inkjet printer, the ultraviolet light 
curable type ink is discharged onto the printing media through the inkjet recording head, 
and the adhered ultraviolet light curable type ink from each discharge is irradiated at this 
ink impact position by ultraviolet light, the same effect as that according to the above 
described, is obtained. 

Also, the above described inkjet printer is an inkjet printer characterized by the fact that it 
is an inkjet printer where the above described ultraviolet light irradiation device is 
comprised of an ultraviolet light generating part that generates ultraviolet light, and of the 
light guiding optical fibers that guide the ultraviolet light generated by the ultraviolet 
light generation part to the vicinity of the inkjet recording head, and where ultraviolet 
light is irradiated from the edge of this optical fiber. And consequently by using this 
inkjet printer, in addition to the action according to the above described, ultraviolet light 
is irradiated as a spot on the adhering (impact) position from a close distance relative to 
the printing media, and because of that it is possible to irradiate a sufficient 
predetermined amount of ultraviolet light by a low output ultraviolet light irradiation 
device. 

Also, the above described inkjet printer is an inkjet printer characterized by the fact that it 
is an inkjet printer according to the above described, where the timing of the beginning of 
the action of the above described ink curing device that occurs immediately after the ink 
discharge, is prior to the permeation or leveling of the ink adhered and spread onto the 
above described printing media into the above described printing media. Consequently, 
by using this inkjet printer, in addition to the above described action, the discharged ink 
is reliably cured prior to permeation in, or leveling on the printing media. 

Also, the above described inkjet printer is an inkjet printer characterized by the fact that it 
is an inkjet printer according to the above described, where at least one of either the 
above described inkjet recording head or the above described printing media is provided 
so that it can move in the direction so they become mutually distanced, and where the 
distance between the above described inkjet recording head and the surface of the ink 
layer on the top of the above described recording media is controlled so that it is kept 
constant. Consequently, by using this inkjet printer, in addition to the above-described 
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action, the ink that is discharged from the inkjet recording head is adhered on the same 
position irrespective of the printed ink thick film on the surface of the printing media. 

Also, the above described inkjet printer is an inkjet printer characterized by the fact that it 
is an inkjet printer according to the above described, where the printing image is divided 
into multiple areas and through ink discharging and ink curing conducted on each area, 
the thick layer printing is conducted. Consequently, by using this inkjet printer, in 
addition to the above-described action, optionally, the position of the ink that is 
discharged from the inkjet recording head is controlled to a position that is within an area 
that is narrower than the total image surface. 

Also, the above described inkjet printer is an inkjet printer characterized by the fact that it 
is an inkjet printer according to the above described, where the three dimensional image 
is divided into XY plane images for each Z axis height, and the processes of ink 
discharge and ink curing for these divided XY plane images for each Z axis height, are 
repeated and as these layers are stacked the printing is performed. Consequently, by using 
this inkjet printer, in addition to the above described action, it is possible to produce a 
material where there is a high and low level in the thick film printed material itself, in 
other words where a stereo image can be produced. 

Also, as another practical embodiment condition of the present invention, in the case of . 
the inkjet printer thick layer printing method, it is characterized by the fact that a thick 
layer printing is performed by repeating the ink discharge process whereby ink is 
discharged to the printing media through an inkjet recording head, and the ink curing 
technological process whereby the immediately after this ink discharge, the ink that is 
adhered and spread onto the above described printing media is cured through the above 
described ink curing device. Consequently, according to this inkjet printer thick layer 
printing method, when the ink from the inkjet recording head is discharged onto the 
printing media, this adhered ink is immediately cured by the ink curing device and 
because of that the adhered ink is cured almost in the state as is at the time of the 
adhering (impact) without permeation in the printing media or leveling, and by 
successively stacking and laminating the same way a cured material on the top of this 
cured ink film, it is possible to produce a thick film printed material. 

Also, in the case of the inkjet printer thick layer printing method, it is characterized by 
the fact it is an inkjet printer thick layer printing method where the above-described ink 
curing means is a light irradiation device. And consequently, according to this inkjet 
printer thick layer printing method, when the light curable type ink from the inkjet 
recording head is discharged onto the printing media, this adhered light curable type ink 
is immediately cured by the light irradiation from the light irradiation device and because 
of that the adhered light curable type ink is cured almost in the state as is at the time of 
the adhering (impact) without permeation in the printing media or leveling, and by 
successively stacking and laminating the same way a cured material on the top of this 
cured ink film, it is possible to produce a thick film printed material. 
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Also, in the case of the inkjet printer thick layer printing method, it is characterized by 
the fact it is an inkjet printer thick layer printing method where the above described light 
curable type ink is an ultraviolet light curable type ink, and the above described light 
irradiation device is an ultraviolet light irradiation device. And consequently, according 
to this inkjet printer thick layer printing method, each time when the ultraviolet light 
curable type ink from the inkjet recording head is discharged onto the printing media, this 
adhered light curable type ink is irradiated by ultraviolet light from the ultraviolet light 
irradiation device and because of that the same effect as that described above, is obtained. 

Also, in the case of the inkjet printer thick layer printing method, it is characterized by 
the fact that it is an inkjet printer thick layer printing method where the above described 
ultraviolet light irradiation device is comprised of an ultraviolet light generating part that 
generates ultraviolet light, and of the light guiding optical fibers that guide the ultraviolet 
light generated by the ultraviolet light generation part to the vicinity of the inkjet 
recording head, and where ultraviolet light is irradiated from the edge of this optical fiber. 
And consequently, according to this inkjet printer thick layer printing method in addition 
to the above described action, ultraviolet light is irradiated as a spot on the adhering 
(impact) position from a close distance relative to the printing media, and because of that 
it is possible to irradiate a sufficient predetermined amount of ultraviolet light by a low 
output ultraviolet light irradiation device. 

Also, in the case of the inkjet printer thick layer printing method, it is characterized by 
the fact that it is an inkjet printer thick layer printing method where the timing of the 
beginning of the action of the above described ink curing device that occurs immediately 
after the ink discharge, is prior to the permeation or leveling of the ink adhered and 
spread onto the above described printing media into the above described printing media. 
Consequently, according to this inkjet printer thick layer printing method in addition to 
the above described actions, the discharged ink is reliably cured prior to permeation in, or 
leveling on the printing media. 

Also, in the case of the inkjet printer thick layer printing method, it is characterized, by 
the fact it is an inkjet printer thick layer printing method where at least one of either the 
above described inkjet recording head or the above described printing media is provided 
so that it can move in the direction so they become mutually distanced, and where the 
distance between the above described inkjet recording head and the surface of the ink 
layer on the top of the above described recording media is controlled so that it is kept 
constant. Consequently, according to this inkjet printer thick layer printing method in 
addition to the above-described actions, the ink that is discharged from the inkjet 
recording head is adhered on the same position irrespective of the printed ink thick film 
on the surface of the printing media. 

Also, in the case of the inkjet printer thick layer printing method, it is characterized by 
the fact that it is an inkjet printer thick layer printing method where the printing image is 
divided into multiple areas and through ink discharging and ink curing conducted on each 
area, the thick layer printing is conducted. Consequently, according to this inkjet printer 
thick layer printing method in addition to the above-described actions, it is also a good 
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option if the position of ink that is discharged from the inkjet recording head is controlled 
to a position that is within an area that is narrower than the total image surface. 

Also, in the case of the inkjet printer thick layer printing method, it is characterized by 
the fact it is an inkjet printer thick layer printing method where the three dimensional 
image is divided into XY plane images for each Z axis height, and the processes of ink 
discharge and ink curing for these divided XY plane images for each Z axis height, are 
repeated and as these layers are stacked the printing is performed. Consequently, 
according to this inkjet printer thick layer printing method in addition to the above 
described actions, it is possible to produce a material where there is a high and low level 
in the thick film printed material itself, in other words where a stereo image can be 
produced. 

Brief Explanation of the Figures 

Figure 1 shows a practical embodiment condition according to the present invention, and 
it is a three-dimensional diagram of the total body of an inkjet printer. 

Figure 2 shows a practical embodiment condition according to the present invention, and 
it is a schematic top view diagram indicating the positional relationship between the 
inkjet recording head and the end of the optical fiber. 

Figure 3 shows a practical embodiment condition according to the present invention, and 
it is a schematic front view diagram indicating the positional relationship between the 
inkjet recording head and the end of the optical fiber. 

Figures 4 A and B show a practical embodiment condition according to the present 5 
invention, and especially, Figure 4Ais a diagram showing the ink discharge technological 
process of the thick film printing, and Figure 4B is a diagram showing the ink curing 
technological process of the thick film printing. 

Figures 5 A - 5C show a practical embodiment condition according to the present 
invention, and they represent correspondingly sectional view diagrams of the ink film on 
the printing paper in order to explain the thick film printing method. 

Figures 6 A, 6B shows a practical embodiment condition according to the present 
invention, and especially, Figure 6A is a diagram showing the measurement data of the 
time from the printing to the ink curing and the ink film thickness, and Figure 6B is a 
diagram showing this data as a graph. 

Figures 7A, 7B show a practical embodiment condition according to the present 
invention, and especially, Figure 7A is a diagram showing the measurement data of the 
number of stacked printed cycles and the ink film thickness in the case when the time 
from the printing to the ink curing was varied, and Figure 7B is a diagram showing this 
measurement data as a graph. 
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Figure 8 is a schematic flow chart block diagram of the ink discharge distance regulating 
device that has been added to the inkjet printer according to the practical embodiment 
condition of the present invention. 

Figure 9 is a flow chart of the printing actions when an ink discharge distance regulating 
device has been added to the inkjet printer according to the practical embodiment 
condition of the present invention. 

Figure 10 shows another practical embodiment condition according to the present 
invention, and it is a schematic top view diagram indicating the positional relationship 
between the inkjet recording head and the end of the optical fiber. 

Best Conditions for the Practical Embodiment of the Invention 

Here below, the conditions of the practical embodiment of the present invention will be 
explained based on the figures presented. 

First Embodiment 

Figures 1 ~ Figure 5A ~ 5C represent conditions of the practical implementation of the 
present invention. Figure 1 represents a three-dimensional diagram of the total body of 
the inkjet printer 1, Figure 2 represents a schematic top view diagram showing the 
relative position of the inkjet recording head 5, and the ends of the optical fibers 11a, 
1 lb. Figure 3 represents a schematic front view diagram showing the relative position of 
the inkjet recording head 5, and the ends of the optical fibers 11a, lib. Figure 4 (A) 
represents ink discharge technological process of the thick layer printing. Figure 4 (B) 
represents the ink curing technological process of the thick layer printing. Figures 5 (A) ~ 
(C) represent correspondingly cross sectional view diagrams of the ink film on the 
surface of the printing paper in order to explain the thick film printing method. 

According to the presented in Figure 1, in the case of the inkjet printer 1, it is comprised 
of the paper supply part 4, which is positioned on the top side of the main printer body 2 
and where the printing paper 3, that is the printing media is set; of the paper transport 
means, which is not shown in the figure and that transports the printing paper 3 that is set 
into the paper supply part 4 in the auxiliary (copy) scanning direction of the inkjet 
recording head 5 (the same direction as the direction of the transport of the used paper) at 
a predetermined speed, of the inkjet recording head 5, which performs the printing on the 
printing paper 3 and which is moved by this used paper transport means; of the ultraviolet 
light irradiation device (light irradiation device), which is irradiates ultraviolet beam 
(light) onto the adhesion (impact) position of the ultraviolet light curable type ink (light 
curable type ink) that is discharged from this inkjet recording head 5; of the paper 
withdrawing part 7, which withdraws the printing paper 3 that has been printed by the 
inkjet recording head 5; and of the ink discharge distance regulating means Bl and B2, 
which regulate the ink discharge distance from the ink discharge openings of the inkjet 
recording head to the ink impact position on the surface of the printing paper 3, to be 
constant. 
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The inkjet recording head 5 is a serial type on demand type and it is provided so that it 
can move freely along the guide rod 6a of the head moving means 6 in the main scanning 
direction (direction orthogonal to the direction of the transport of the used paper) in the 
space between the solid line position shown in Figure 2 and the virtual line position 
shown in Figure 2. 

At the solid line position in Figure 2, the left side optical fiber 1 lb, and at the virtual line 
position in Figure 2, the right side optical fiber 1 1 a, correspondingly, define the 
movement range as they are positioned at least on the outer side from the printing region 
edge of the printing paper 3. 

The inkjet recording head 5, as shown according to the presented in Figure 3, contains the 
four inkjet type nozzle head parts 8a ~ 8d, and these four inkjet type nozzle head parts 8a 
~ 8d are provided so that they are capable of correspondingly discharging each color - 
yellow, magenta, cyan, black - ultraviolet light curable type inks relative to the printing 
paper 3. For each of these nozzle head parts 8a ~ 8d the discharge timing is controlled 
based on discharge data. 

Also, the ultraviolet light curable ink, which is one type of light curable type ink, is a 
composition material containing a photo polymerizable prepolymer, a photo 
polymerizable monomer and a photo polymerization initiation agent. As the photo 
polymerizable prepolymer material, it is possible to use photo polymerizable prepolymers 
used in the manufacturing of ultraviolet light curable resins. 

Then, one type of photo polymerizable prepolymer and monomer, or two or more types 
of these, are mixed and combined, and to that one type or more of photo polymerization 
initiation agent is added, and the composition material is manufactured. Depending on the 
requirements, a polymerization termination agent, a sensibilization agent, a coloring 
agent, an activation agent, are added. Regarding the ink viscosity, when it is made to be 
20 mPa.s ( milli - Pascal . seconds), or less, the ink discharge performance is improved 
and because of that, it is a preferred option. 

Regarding the ultraviolet light irradiation device A, which is a light irradiation device, as 
it is shown in Figure 1, it houses an ultraviolet lamp that is not shown in the figure, and it 
contains an ultraviolet light generation part 10 that generates ultraviolet light, and the 2- 
line optical fibers 11a and 1 lb, which guide the ultraviolet light generated by this 
ultraviolet light generation part 10, and the ends of these 2-line optical fibers 1 la and 1 lb 
are fixed in positions on both sides of the main scanning direction of the inkjet recording 
head 5. 

The optical fibers 11a and 1 lb are soft (pliable) and because of that they have flexibility 
properties, in correspondence with the movement of the inkjet recording head 5 they can 
change their flexible state and by that together with the inkjet recording head 5 the ends 
of the optical fibers 11a and 1 lb are moved in the main scanning direction. 
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After that, the relationship between the impact (adhering) position of the inkjet recording 
head 5 relative to the printing paper 3 and the optical fibers 1 la and lib ultraviolet light 
irradiation position, will be explained. 

According to Figure 3, they are positioned so that in the case when the inkjet recording 
head 5 moves in the direction from the right side to the left side, the right side optical 
fiber 11a irradiates the adhesion position immediately after the impact, and in the case 
when the inkjet recording head 5 moves from in the direction the left side to the right 
side, the left side optical fiber 1 lb irradiates the adhesion position immediately after the 
impact. In other words, the 2-line optical fibers 1 la and 1 lb are correspondingly 
positioned so that they provide illumination in each of the scanning directions of the 
inkjet recording head 5. 

After that, the thick film printing method using the above-described inkjet printer will be 
explained by using Figures 4A, 4B and Figures 5 A ~ 5C. 

As it is shown in Figure 4A, the ink discharge technological process is conducted 
whereby the inkjet recording head 5 discharges an ultraviolet light curable type ink 
towards the printing paper 3 and the printed image "1" is printed. 

After that, the ink curing technological process is conducted as immediately after this ink 
discharge, as shown according to the presented in Figure 4B, ultraviolet beam from the 
ends of the optical fibers 11a and 1 lb of the ultraviolet light irradiation device A, is 
irradiated in a spot-like fashion, onto the printed image "1" and the ink adhered on the 
printing paper 3 is cured. When that is done, as shown according to the presented in 
Figure 5 A, the first ink layer Ml is formed. 

After that, the above described ink discharge technological process and ink curing 
technological process are conducted the same way and by that, as it is shown in Figure 
5B, the second ink layer M2 is formed on the surface of the first ink layer Ml. 

Then, by sequentially repeating the ink discharge technological process and the ink 
curing technological process, as shown according to Figure 5C, multiple ink layers Mn 
are formed and a thick film printed material with a predetermined thickness T, is 
manufactured. 

As described here below, it is preferred that an immediate ink curing is conducted almost 
after 0 seconds after the ink impact (adherence), and because of that as a practical action, 
ultraviolet beam spot light follows and is irradiated to the impact position of the 
ultraviolet light curable type ink that is discharged from the inkjet recording head onto 
the printing paper 3, and this ultraviolet light irradiation allows the sequential curing 
immediately after the discharge of the ultraviolet light curable type ink, and this is taken 
as one printing cycle, and by the repeating of this ink discharge and ink curing - 
continuous action printing a predetermined number of times, the thick layer printed 
material is manufactured. 
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In the case according to the above described thick layer printing process, the ultraviolet 
light curable type ink is discharged from the inkjet recording head 5 to the printing paper 
3, and this adhered ultraviolet light curable type ink is cured immediately by the 
ultraviolet light irradiation from the ultraviolet light irradiation device A, and because of 
that the ultraviolet light curable type ink that has been adhered is cured almost as is in the 
shape that it has at the time of the impact, without permeation in the printing paper 3 or 
leveling, and on the surface of this cured ink film, by using the same method, cured 
material is sequentially stacked and laminated and a thick film printed material is 
manufactured; and because of that it is possible that using a low viscosity ink that is 
appropriate for ink discharge through an inkjet recording head 5, and irrespective of the 
type of the printing media, a thick film printed material, with a sharp image where the 
details are clearly visible, be manufactured. 

Also, because of the fact that an ultraviolet light is irradiated immediately after the ink 
adhesion, even in the case when low viscosity ultraviolet light curable type ink has been 
used, there is no generation of blotting, and also, even in the case when printing paper 3 
. with easy ink blotting properties is used, there is no generation of ink blotting, and a 
printing material is obtained where even if the printed surface is contacted immediately . 
after the printing the image is not disturbed. 

By using the above-described thick film printing it is possible to easily produce seal 
impressions, stamps, Braille etc. And also, according to the Braille method use din the 
past, it has not been possible to print Braille on both sides of the used paper, however, 
according to the present invention it is possible to easily conduct the Braille printing on 
both sides of the used paper, and the manufacturing of the Braille material is easy, and 
together with that it is possible to suggest Braille body with a thin body thickness. 

According to this practical embodiment condition, the ultraviolet light irradiation device 
A contains the ultraviolet light generating ultraviolet light generation part 10 and the light 
guiding optical fibers 1 la and 1 lb that guide the ultraviolet light generated by the 
ultraviolet light generation part 10 to the vicinity of the inkjet recording head 5, and 
ultraviolet light is irradiated from the ends of these optical fibers 1 la and 1 lb, and 
because of that, the ultraviolet light is irradiated in a spot-like fashion at the position of 
impact and at a short distance relative to the printing paper 3, and because of that it is 
possible to irradiate sufficiently a predetermined amount of ultraviolet light by a low 
output ultraviolet light irradiation device, and because of that, this leads to achieving a 
small form factor for the ultraviolet light irradiation device A, a low cost, an economical 
device, etc. 

According to this practical embodiment condition, because of the fact that the ends of the 
optical fibers 11a and 1 lb are fixed on the inkjet recording head 5 they move at the same 
speed as the speed of the inkjet recording head 5, and because of that it is not necessary 
to provide separately a fiber moving device that would move the ends of the optical fibers 
11a and lib, besides the head moving means 6, and due to that there is no increase of the 
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number of parts, and also, it is not necessary to conduct control of the movement of the 
ends of the optical fibers 1 la and 1 lb, and this leads to ease of the control etc. 

Moreover, a structure is also possible where the inkjet recording head 5 and a 1-line, not 
shown in the figure, optical fiber end, are provided so that they are free to move 
separately, and the end of the optical fiber moves as it follows the movement of the inkjet 
recording head 5, so that an ultraviolet light is irradiated to the adhesion position 
immediately after the impact (adhesion) of the ultraviolet light curable type ink. 

According to this practical embodiment condition, in the case of the optical fibers 11a 
and 1 lb, they are provided with 2 lines, and each end of these 2-line optical fibers 11a 
and 1 lb are positioned on both sides of the main scanning direction of the inkjet 
recording head 5, and through the 2-line optical fibers 11a and 1 lb the irradiation in each 
scanning direction of the inkjet recording head 5 is conducted, and because of that in the 
case of either of the scanning directions of the inkjet recording head 5, it is possible to 
irradiate an ultraviolet light, immediately after the ink impact, relative to the total printing 
area in the main scanning direction. Consequently, there is no change of the irradiation 
position of the ultraviolet light irradiated from the end of the 2-line optical fibers 1 la and 
1 lb, and it is possible to cure the ultraviolet light curable type ink. 

Moreover, it is a good option if the optical fiber provided with only one line and it is also 
a good option if it is provided with 3 or more lines. 

Also, if in the above described thick layer printing, the printed image is divided into 
several areas, and a thick film printing is performed for each area as ink discharge and . 
ink curing are conducted, it is a good option if the position control of the discharge 
position of the ink from the inkjet recording head is within an area that is narrower than 
the total image, and because of that this leads to improved position precision of the thick 
film printed material. 

Moreover, naturally, it is also a good option if the thick film printing is conducted as the 
total image is printed as a whole, and then on the top of that sequentially the printing of 
the whole image is repeated. 

Also, if the three dimensional image is divided into XY plane images for each Z axis 
height, and the processes of ink discharge and ink curing for these divided XY plane 
images for each Z axis height, are repeated and as these layers are stacked the printing is 
performed, it is possible to manufacture a material that has a low and a high level in the 
thick film printed material body itself, in other words, it is possible to manufacture a 
stereo image. For example, stereo maps, stereo face images, etc., can be easily 
manufactured by printing. 

Also, in the above described thick film printing technological process, it is preferred that 
the timing of the start of the action of the ultraviolet light irradiation occurring 
immediately after the ink discharge through the ultraviolet light irradiation device A, is 
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made to be a timing prior to the permeation of the ultraviolet light curable type ink 
discharged on the printing paper 3 inside the printing paper 3 or prior to its leveling. 

If ultraviolet light is irradiated at such timing, the discharged ultraviolet light curable type 
ink is reliably cured prior to permeating in the printing paper 3 or prior to its leveling, and 
because of that it is possible to reliably manufacture a thick film printed material. 

After that, a detailed explanation will be provided regarding the timing of the start of the 
ultraviolet light irradiation by using practical experiments. The testing was conducted 
according to the following: for the ultraviolet light irradiation device A, the manufactured 
by Ushio Company, Optical Modulex SX-UID250HUVQ (5 mm diameter optical fiber) 
was used, as the inkjet printer 5, the manufactured by Epson, PM-670 C printer was used, 
as the printing paper 3, the manufactured by Ideal Kagaku Industries, Ideal paper size, 
thickness S, was used, as the ultraviolet light curable type ink, an ink obtained from 63 
parts of Light acrylate 1 . 9 ND-A (manufactured by Kyoeisha Chemical Co. Ltd), 31 
parts of NKEthrel AMP-10G (manufactured by Shin - Nakamura Chemical Co. Ltd.), 3 
parts of Irgacure 369 (manufactured by Ciba Specialty Chemicals Co. Ltd.), and 3 parts 
of VALIFAST BLUE 2606 (manufactured by Orient Chemical Industries Co. Ltd.). 

The time from the printing (the ink discharge technological process) until the ink curing 
through the ultraviolet light irradiation (ink curing technological process) was made to be 
0 seconds, i second, 3 seconds, 5 seconds, 7 seconds, 10 seconds, 30 seconds, and after 
10 repeated printing cycles, the ink layer thickness (micrometer) was measured. 

As it is shown according to the presented in Figure 6A, and figure 6B, in the case when 
the ink curing (ink curing technological process) was conducted by ultraviolet light- 
irradiation after 10 seconds or more have passed after the printing (ink discharge 
technological process), the ultraviolet light curable type ink permeates inside the printing 
paper 3 and the layer thickness becomes 0, and because of that, it is understood that even 
if 10 printing cycles are performed, it is not possible to form an ink layer. 

Consequently, it is necessary that the ink curing technological process be conducted by 
ultraviolet light irradiation within less than 10 seconds after the ink discharge 
technological process, and the shorter the time is from after the ink discharge 
technological process until the ink curing technological process (the closer that time is to 
0), the thicker the ink layer becomes, and it is possible to obtain a printed material with 
little blotting. Especially, a timing before there is almost no permeation of the ultraviolet 
light curable type ink adhered onto the printing paper inside the printing paper, or almost 
no leveling, in other words, conducting the ultraviolet light irradiation after almost 0 
seconds after the ink discharge, is preferred. 

Also, the ink layer thickness was measured when the number of the repeat printing cycles 
was made to be 10 cycles, 20 cycles, 30 cycles, 40 cycles, 50 cycles, 60 cycles, 70 cycles, 
at the time when the time period from after each printing (ink discharge technological 
process) until the ink curing by the ultraviolet light irradiation (ink curing technological 
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process), was made to be 10 seconds, and in the case when that time was made to be 
almost 0 seconds. 

As it is shown according to the presented in Figure 7A, and Figure 7B, even in the case 
when the time period from after each printing (ink discharge technological process) until 
the ink curing by the ultraviolet light irradiation (ink curing technological process), was 
made to be 10 seconds, a thick film printed material was obtained, however, the time 
period from after each printing (ink discharge technological process) until the ink curing 
by the ultraviolet light irradiation (ink curing technological process), was made to be 
almost 0 seconds, a thicker ink layer thickness, was formed. 

Consequently, actual proof has been provided that the shorter the time from after the ink 
discharge technological process until the ultraviolet light irradiation ink curing 
technological process is, the thicker the ink layer thickness of the thick layer printing 
becomes, and also it is possible to obtain a printed material with little blotting. 

Also, because of the fact that the shorter the time from after the ink discharge 
technological process until the ultraviolet light irradiation ink curing technological 
process is, the more reliably it is possible to maintain the shape of the ink after the - 
discharge, and because of that it is possible to manufacture a sharp image thick film 
printed material with clearly visible fine details. • 

After that, an explanation will be provided regarding the case where an ink discharge 
distance regulating device Bl has been attached to the inkjet printer 1 according to the 
above described practical embodiment condition. Ah explanation regarding the an ink 
discharge distance regulating device Bl will be provided by using Figure 3 as an 
illustration, and it is equipped with a moving mechanism, not shown in the diagram, 
provided so that at least one of either the inkjet recording head 5 or the paper stacking 
stand 9 used for stacking the printing paper, can move in the direction P whereby they are 
mutually distanced, the distance sensors Sa, Sb, which are placed in the vicinity of 1 lb 
and which measure the distance up to the ink impact position on the surface of the 
printing paper 3 (in the case when there is no adhered ink layer M - the surface of the 
printing paper, in the case when there is an adhered ink layer M - the surface of the ink 
layer M), and a control part, not shown in the figure, which based on the measurement 
results from these distance sensors Sa, Sb, drives the above described movement 
mechanism so that the distance from the nozzle head parts 8a - 8d of the inkjet recording 
head to the ink impact position is made to be constant. 

According to the thick layer printing process using the inkjet printer 1, when the ink from 
the inkjet recording head is discharged onto the printing paper 3, the distance to the 
surface of the ink layer M is measured by the distance sensors Sa and Sb, and based on 
the measurement results from the distance sensors Sa and Sb the stacking stand 
movement mechanism, which is not shown in the figure, is driven so that the distance 
from the nozzle head parts 8a - 8d of the inkjet recording head 5 to the ink impact 
position, is made to be constant, and this adjustment so that the ink discharge distance is 
made to be constant is performed for each ink discharge. 



14 



Consequently, at the time of the discharge of the ink from the inkjet recording head 5, the 
distance from the inkjet recording head 5 to the ink impact position, usually becomes a 
constant distance, and because of that the adhered ultraviolet light curable type ink 
impacts and is adhered on the same position irrespective of the printing thickness on the 
surface of the printing paper 3, and it is possible to manufacture sharp image thick film 
printed materials with clearly visible fine details, and also, this is especially useful in the 
manufacturing of particularly thick film printed materials. 

Also, the case where the above described practical embodiment printer 1 has been 
provided with another ink discharge measurement device B2 is explained based on the 
illustrations provided by Figure 8 and Figure 9. 

Figure 8 represents a schematic flow chart block diagram of this ink discharge distance 
regulating device B2, and Figure 9 is a flow chart of the printing action using the ink 
discharge distance regulating device B2. 

In the case of this ink discharge distance regulating device B2, as shown according to the 
presented in Figure 8, it is equipped with the input part 13 where the position and height 
of the thick layer printed material, etc., data is entered, the treatment part 14 whereby in 
correspondence with the instructions from this input part 13, etc., the flow chart shown 
according to Figure 9 is executed, the memory part 15 where the program for the 
execution of the flow chart according to Figure 9 is stored, the distance adjustment 
driving part 16 where the driving signal is produced based on the driving adjustment 
signal from the treatment part 14, and the moving mechanism 17 which performs the 
moving action based on the driving signal from the distance adjustment driving part 16. 

The moving mechanism 17 has the same structure as the above described ink discharge 
distance regulating device Bl, and it has a structure whereby at least one of either the 
inkjet recording head 5 or the paper stacking stand 9 used for stacking the printing paper, 
can move in the direction P, whereby they are mutually distanced. 

The action accomplished by the above-described structure will be explained based on 
Figure 9. When the position and the height of the printed image, etc., information is 
entered through the input part 13 (step SI), the number of printings is reset to zero (k=0) 
(step S2), and together with that it is checked whether or not there is a stereo image on 
the printing line (step S3). If there is no stereo image (the case where it is not a thick film 
printing), the printing cycle number constant n is made to be n=l (step S4). Then, the 
printing action through the inkjet recording head 5 (step S7), and the ink curing action 
through the ultraviolet light irradiation (step S8) are performed, and the treatment of the 
corresponding line is completed. Then, the printing paper 3 is transported in the auxiliary 
direction up to the next printing line position and the ink discharge distance initialization 
(step 12) is conducted, in other words, the moving mechanism 17 is driven and a 
movement is performed so that the distance between the inkjet recording head 5 and the 
surface of the printing paper 3 is made to be the predetermined distance, and it is 
transferred to the subsequent line printing. 
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Also, if there is a stereo image on the copying line (it is a case of thick film printing), a 
thickness/ number of cycles conversion table is used and the printing cycle number 
constant is calculated (step 6). Here, the thickness/ number of cycles conversion table 
defines from the amount of ink the ink layer thickness per 1 printing cycle, and based on 
that value, the number of cycles is defined. Then, when the printing cycle number 
constant n is defined through the thickness/ number of cycles conversion table (n > = 2), 
(step S5), one cycle printing action (step 7) and one ink curing action (step S8) are 
performed, and after that the printing cycle number count is incremented by only 1 (step 
9), and it is checked whether or not the printing cycle number k has reached the printing 
cycle number constant n (step 10). 

And in the case when it has not reached that number n, an action is conducted in order to 
keep the discharge distance of the ink from the inkjet recording head 5 constant as the 
moving mechanism 17 is moved and the inkjet recording head 5 or the paper stacking 
stand 9 are moved only at a distance that corresponds to the thickness of the ink layer 
corresponding to one printing cycle, (step 11), after that, again, the printing action (step 
7) and the ink curing action (step 8), are conducted. 

Then, the above-described actions are repeated until the printing cycle number k 
coincides with the printing cycle indicating constant n, and when the printing cycle 
number k coincides with the printing cycle indicating constant n, the corresponding line 
treatment is completed. 

Then, the printing paper 3 is transported in the auxiliary (copy) direction until the 
subsequent printing line position, and the ink discharge distance initialization (step 12) is 
conducted, in other words, the moving mechanism 17 is driven and a movement is 
performed so that the distance between the inkjet recording head 5 and the surface of the 
printing paper 3 is made to be the predetermined distance, and it is transferred to the 
subsequent line printing. 

In other words, in the case of the former, above described ink discharge distance 
regulating device Bl, the thickness of the ink layer obtained by one printing cycle, is 
measured by the distance sensors Sa and Sb, and based on this measured value, the 
printing and curing are repeated and a thick film printed material with a predetermined 
thickness is produced. 

Also, in the case of the latter, above described ink discharge distance regulating device 
B2, the ink layer thickness achieved through one printing cycle is memorized by 
preliminary measurement, etc., and based on this memorized thickness data the number 
of printing cycles is determined and a thick film printed material with a predetermined 
thickness is produced. 

Figure 10 represents another practical embodiment condition of the present invention, 
and it is a schematic top view diagram showing the positional relationship between the 
inkjet recording head 20 and the end of the optical fiber 22. 
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According to Figure 10, the inkjet recording head 20 is a line type on demand type head, 
and it is fixed so it cannot move neither in the main scanning direction, nor in the main 
(probably a typo and should be "auxiliary (copy) scanning direction" - translator's note). 
Then, it contains the inkjet type nozzle head part 21 with a longitudinal printing region 
part. 

The ultraviolet light irradiation device, which is not shown in the figure, and which is a 
light irradiation device, is comprised of ultraviolet light generating part that generates 
ultraviolet light, and the 1 line optical fiber 22, which guides the ultraviolet light that is 
generated from this ultraviolet light generating part; and the end of this optical fiber 22 is 
fixed on the fiber moving body 23, which is placed in the vicinity of the downstream side 
in the auxiliary (copy) direction of the inkjet recording head 20. The fiber moving body 
23 is fixed on the moving belt 24, and thus through the movement of this moving belt 24 
it is attached so that it can move freely in the main scanning direction. 

The optical fiber 22 is pliable and because of that it has flexibility properties, and it can 
change its flexible state in correspondence with the movement of the fiber moving body 
23, and through that the end of the optical fiber 22 can be moved together with the fiber 
moving body 23. 

In the case of this line type on demand type inkjet printer, also, the thick film printing is 
conducted as the ink discharge technological process, where ultraviolet light curable type 
ink is discharged from the inkjet recording head 20 onto the printing paper 3, and the ink 
curing technological process, where immediately after this ink discharge, the ink that has 
been adhered onto the printing paper 3 is irradiated with an ultraviolet light through the 
end of the optical fiber 22 of the ultraviolet light irradiation device, are repeated: 

According to this thick film printing process, when the ultraviolet light curable ink from 
the inkjet recording head 5 is discharged onto the printing paper 3, the printing paper 3 
with the adhered on it ink, is subsequently moved in the auxiliary (copy) direction (the 
side of the optical fiber 22). Then, the optical fiber 22 is moved in the main scanning 
direction and ultraviolet light is irradiated at the adhered ink position, and through this 
ultraviolet light irradiation, the ultraviolet light curable type ink is subsequently cured 
immediately after its impact (adhesion). 

Accordingly, the ultraviolet light curable type ink that has been adhered onto the printing 
paper 3 is cured immediately through the ultraviolet light irradiation from the ultraviolet 
light irradiation device, and because of that the adhered ultraviolet light curable type ink 
is cured almost in the state as it is at the time of the impact without permeation in the 
printing paper 3 or leveling, and on the surface of this cured ink layer, the same way, a 
cured material is subsequently stacked and laminated, and a thick film printed material is 
produced; and because of that, the same way as in the above described practical 
embodiment state, by using low viscosity ink that is appropriate for the ink discharge 
through an inkjet recording head 5, irrespective of the type of the printing media, it is 
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possible to produce sharp image thick film printed materials with clearly visible fine 
details. 

According to this other practical embodiment condition, also, the same way as in the case 
of the above described practical embodiment state, if an ink discharge distance regulating 
device is attached, the discharged ultraviolet light curable type ink is adhered at the same 
position irrespective of the thickness of the ink layer that has been adhered on the surface 
of the printing paper 3, and it is possible to produce sharp image thick film printed 
materials with clearly visible fine details. Also, this is especially useful for the 
manufacturing of thick film printed materials with extremely high film thickness. 

Moreover, according to this other practical embodiment condition, the inkjet recording 
head 20 is fixed in the auxiliary (copy) scanning direction, however, it is also a good 
option if the structure is such that the inkjet recording head 20 is moving in the auxiliary 
(copy) scanning direction, and the printing paper 3 is fixed and cannot be transported. 

Moreover, according to each of the above described practical embodiment conditions, the 
cases has been shown where the ink is an ultraviolet light curable type ink, which is one 
type of light curable ink, and the ink curing device is an ultraviolet light irradiation 
device A, which is one type of light irradiation device, however, any combination of ink 
and ink curing device is a good option as long as the ink can be immediately cured. For 
example, it is also a good option if a light curable ink other than the ultraviolet light 
curable type ink and a light irradiation device (other than an ultraviolet light irradiation 
device) are combined, and it is also a good option if a heat curable type ink and a heating 
thermal device, are combined. 

Moreover, in the case according to each of the above described practical embodiment 
conditions, for the discharge of the ultraviolet light curable type ink from the inkjet . 
recording head 5, 20, there is one discharge cycle for each picture element, however, 
optionally, it is also possible that multiple discharge cycles are conducted for 1 picture 
element. 

Moreover, in the case according to the above described practical embodiment conditions, 
the inkjet recording head 5 is a head that corresponds to the color and that has a number 
of nozzle head parts 8a ~ 8d, however, naturally the present invention can also be 
appropriately used for mono color heads containing single nozzle heads. 

As it has been explained here above in details, in the case of the inkjet printer according 
to the present invention, the ink discharging process, where the inkjet recording head 
discharges ink onto the above described printing media, and the ink curing process, 
where immediately after this ink discharge, the above described ink curing means cures 
the ink that has been adhered on the above described printing media, are repeated, and 
through that when the ink from the inkjet recording head is adhered onto the printing 
media, this adhered ink is immediately cured through the ink curing means, and because 
of that it can be cured in a shape that is almost in the state as it is at the time of the impact 
(adhesion) without permeation inside the printing media or leveling, and on the surface of 
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this cured ink layer, the same way, cured material is successively stacked and laminated 
and a thick film printed material can be produced; and because of that by using a low 
viscosity ink that is appropriate for ink discharge through an inkjet recording head, and 
irrespective of the printing media type, it is possible to manufacture sharp image thick 
film printed materials with clearly visible fine details. 

Also, in the case of the thick film printing method using inkjet printer according to the 
present invention, when the ink from the inkjet recording head is discharged onto the 
printing media, this adhered ink is immediately cured through the ink curing device, the 
adhered ink is immediately cured through the ink curing means, and because of that the 
adhered ink can be cured in a shape that is almost in the state as it is at the time of the 
impact (adhesion) without permeation inside the printing media or leveling, and on the 
surface of this cured ink layer, the same way, cured material is successively stacked and 
laminated and a thick film printed material can be produced; and because of that by using 
a low viscosity ink that is appropriate for ink discharge through an inkjet recording head, 
and irrespective of the printing media type, it is possible to manufacture sharp image 
thick film printed materials with clearly visible fine details. 

Also, in the case of the inkjet printer according to the present invention and in the case of 
the thick film printing method using the above described inkjet printer, when the light 
curable type ink from the inkjet recording head is discharged onto the printing media, this 
adhered light curable type ink is immediately cured through the light irradiation of the 
light irradiation device, and because of that the adhered light curable type ink can be 
cured in a shape that is almost in the state as it is at the time of the impact (adhesion) 
without permeation inside the printing media or leveling, and on the surface of this cured 
ink layer, the same way, cured material is successively stacked and laminated arid a thick 
film printed material can be produced; and because of that by using a low viscosity ink 
that is appropriate for ink discharge through an inkjet recording head, and irrespective of 
the printing media type, it is possible to manufacture sharp image thick film printed 
materials with clearly visible fine details. 

Also, in the case of the inkjet printer according to the present invention and in the case of 
the thick film printing method using inkjet printer according to the present invention, for 
each discharge of ultraviolet light curable ink from the inkjet recording head by 
irradiating ultraviolet light from the ultraviolet light irradiation device at its ink impact 
position, the same results can be obtained as the above described results. 

Also, in the case of the inkjet printer according to the present invention and in the case of 
the thick film printing method using inkjet printer according to the present invention, in 
addition to the above described results, an ultraviolet light is irradiated in a spot-like 
fashion onto the impact position at a close distance relative to the printing media, and 
because of that it is possible to conduct irradiation of a sufficient, predetermined amount 
ultraviolet light amount by using a low output ultraviolet light generation device, and due 
to that it is possible to attain small form factor, low cost, and be able to use low output 
device. 
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Also, in the case of the inkjet printer according to the present invention and in the case of 
the thick film printing method using inkjet printer according to the present invention, in 
addition to the above described results, the discharged ink is reliably cured prior to 
permeation into the printing media or leveling, and because of that it is possible to 
reliably manufacture thick film printed materials. 

Also, in the case of the inkjet printer according to the present invention and in the case of 
the thick film printing method using inkjet printer according to the present invention, in 
addition to the above described results, the ink that is discharged from the inkjet 
recording head is adhered on the same position irrespective of the printed ink layer 
thickness on the surface of the printing media, and because of that it is possible to 
manufacture sharp image thick film printed materials with especially clearly visible fine 
details, and also, it is especially effective in the case of the manufacturing of thick film 
printed materials with extremely high film thickness. 

Also, in the case of the inkjet printer according to the present invention and in the case of 
the thick film printing method using inkjet printer according to the present invention, in 
addition to the above described results, it is also a good option if the position of the ink 
discharged from the inkjet recording head is controlled within a range that is within areas 
where each area is narrower than the total image, and because of that, an improvement of 
the position precision of the thick film printed material is achieved. 

Also, in the case of the inkjet printer according to the present invention and in the case of 
the thick film printing method using inkjet printer according to the present invention, in 
addition to the above described results, it is possible to manufacture a printed material 
that has a low and a high level in the thick film printed material body itself, in other 
words, it is possible to manufacture a stereo image. 

Industrial Application » 

According to the above described, the present invention is an invention about an inkjet 
printer and a thick layer printing method using the above printer, where by using a low 
viscosity ink that is appropriate for the discharge through the inkjet recording head, it is 
possible to manufacture sharp image thick film printed materials with clearly visible fine 
details. 

Scope of the Claims 

1 . Inkjet printer characterized by the fact that it is an inkjet printer where ink is 
discharged from the inkjet recording head onto the printing paper thereby conducting the 
printing onto the printing paper, 

where an ink curing device is provided, which immediately cures the ink adhered on the 
above described printing media; and where the ink discharging process where the above 
described inkjet printing head discharges ink onto the above described printing media, 
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and the ink curing process where immediately after the ink discharging onto the above 
described printing media, the above described ink curing cures the ink that is adhered 
onto the above described printing media, are repeated. 

2. Inkjet printer characterized by the fact that it is an inkjet printer according to the 
above-described Claim 1 where the above-described ink is a light curable type ink and 
where the above described ink curing means is a light irradiation device. 

3. Inkjet printer characterized by the fact that it is an inkjet printer according to the 
above-described Claim 2 where the above described light curable type ink is an 
ultraviolet light curable type ink and where the above described light irradiation device is 
an ultraviolet light irradiation device. 

4. Inkjet printer characterized by the fact that it is an inkjet printer according to the above 
described Claim 3 where the above described ultraviolet light irradiation device is 
comprised of an ultraviolet light generating part that generates ultraviolet light, and of the 
light guiding optical fibers that guide the ultraviolet light generated by the ultraviolet 
light generation part to the vicinity of the inkjet recording head, and where ultraviolet 
light is irradiated from the edge of this optical fiber. 

5. Inkjet printer characterized by the fact that it is an inkjet printer according to the above 
described Claims 1 ~ 4, where the timing of the beginning of the action of the above 
described ink curing device that occurs immediately after the ink discharge, is prior to the 
permeation or leveling of the ink adhered and spread onto the above described printing 
media into the above described printing media. 

6. Inkjet printer characterized by the fact that it is an inkjet printer according to the above 
described Claims 1 ~ 5, where at least one of either the above described inkjet recording 
head or the above described printing media is provided so that it can move in the 
direction so they become mutually distanced, and where the distance between the above 
described inkjet recording head and the surface of the ink layer on the top of the above 
described recording media is controlled so that it is kept constant. 

7. Inkjet printer characterized by the fact that it is an inkjet printer according to the above 
described Claims 1 ~ 6, where the printing image is divided into multiple areas and 
through ink discharging and ink curing conducted on each area, the thick layer printing is 
conducted. 

8. Inkjet printer characterized by the fact that it is an inkjet printer according to the above 
described Claims 1 ~ 7, where the three dimensional image is divided into XY plane 
images for each Z axis height, and the processes of ink discharge and ink curing for these 
divided XY plane images for each Z axis height, are repeated and as these layers are 
stacked the printing is performed. 

9. Inkjet printer thick layer printing method characterized by the fact that a thick layer 
printing is performed by repeating the ink discharge process whereby ink is discharged to 
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the printing media through an inkjet recording head, and the ink curing technological 
process whereby the immediately after this ink discharge, the ink that is adhered and 
spread onto the above described printing media is cured through the above described ink 
curing device. 

10. Inkjet printer thick layer printing method characterized by the fact it is an inkjet 
printer thick layer printing method according to the above reported Claim 9, 

Where the above-described ink curing means is a light irradiation device. 

1 1 . Inkjet printer thick layer printing method characterized by the fact it is an inkjet 
printer thick layer printing method according to the above reported Claim 10, 

where the above described light curable type ink is an ultraviolet light curable type ink, 
and the above described light irradiation device is an ultraviolet light irradiation device. 

12. Inkjet printer thick layer printing method characterized by the fact it is an inkjet 
printer thick layer printing method according to the above reported Claim 11, 

where the above described ultraviolet light irradiation device is comprised of an 
ultraviolet light generating part that generates ultraviolet light, and of the light guiding 
optical fibers that guide the ultraviolet light generated by the ultraviolet light generation 
part to the vicinity of the inkjet recording head, and where ultraviolet light is irradiated 
from the edge of this optical fiber. 

13. Inkjet printer thick layer printing method characterized by the fact it is an inkjet 
printer thick layer printing method according to the above reported Claims 9-12, 

where the timing of the beginning of the action of the above-described ink curing device 
that occurs immediately after the ink discharge, is prior to the permeation or leveling of 
the ink adhered and spread onto the above described printing media into the above 
described printing media. 

14. Inkjet printer thick layer printing method characterized by the fact it is an inkjet 
printer thick layer printing method according to the above reported Claims 9-13, 

where at least one of either the above described inkjet recording head or the above 
described printing media is provided so that it can move in the direction so they become 
mutually distanced, and where the distance between the above described inkjet recording 
head and the surface of the ink layer on the top of the above described recording media is 
controlled so that it is kept constant. 

15. Inkjet printer thick layer printing method characterized by the fact it is an inkjet 
printer thick layer printing method according to the above reported Claims 9-14, 



22 



where the printing image is divided into multiple areas and through ink discharging and 
ink curing conducted on each area, the thick layer printing is conducted. 

16. Inkjet printer thick layer printing method characterized by the fact it is an inkjet 
printer thick layer printing method according to the above reported Claims 9-15, 

where the three dimensional image is divided into XY plane images for each Z axis 
height, and the processes of ink discharge and ink curing for these divided XY plane 
images for each Z axis height, are repeated and as these layers are stacked the printing is 
performed. 

In Figure 2: From top to bottom: 1) printing region, 2) main scanning direction, 3) 
auxiliary (copy) scanning direction. 

In Figure 3: From top to bottom: 1) right direction, 2) left direction, 3) main scanning 
direction. 

In Figure 6 (A): Row 1 : Time from printing to curing (seconds); Row 2: layer thickness 
after 10 printing cycles (microns). 

In Figure 6 (B): on the horizontal axis - time from printing to curing (seconds); on the 
vertical axis - layer thickness after 10 printing cycles (microns). 

In Figure 7 (A): Row 1: Number of printing cycles; Row 2 (both lines merged): ink; layer 
thickness (microns); Row 2 (single line): irradiation 10 seconds after printing, Row 3 
(single line): irradiation almost 0 seconds after printing. 

In Figure 7 (B): on the horizontal axis - number of printing cycles, on the vertical axis - 
ink layer thickness (microns); diamond - irradiation 10 seconds after printing, solid circle 
- irradiation almost 0 seconds after printing. 

In Figure 8:13) input part, 14) treatment part, 15) memory part, 16) distance regulating 
driving part, 1 7) moving mechanism. 

In Figure 9: 

SI: image input (position, height) 

S2: printing cycles number: k=0 

S3: Is there a stereo image on the line or not? 

S4: n=l 

S5: number of stacked layer determined from the height information; print cycle number: 
n cycles 

S6: height/cycle number conversion table; height on the y - axis, cycles on the x - axis 
S7: printing 
S8: curing 
S9: K=k+1 
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S10: Have the number of determined printing cycles been performed or not? 
SI 1 : ink discharge distance regulation (moving the head or the stacking stand) 
SI 2: initialization of the ink discharge distance regulation 
Arrow: to next line printing 

In Figure 10: From top to bottom: 1) printing region, 2) main scanning direction, 3) 
auxiliary (copy) scanning direction. 

Patent Assignee: Riso Science Industry KK 

Translated by Albena Blagev ((651) 735-1461 (h), (651) 704-7946 (w)) 
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OO (57) Abstract: An ink jet printer for printing on a print sheet (3) by ejecting UV-curing ink from an ink jet recording head (5) on 
to the print sheet (3), which is provided with a UV-ray irradiator (A) comprising a UV-ray generating section (10) and optical fibers 
f*s| (1 la, lib) for introducing UV-rays generated from the UV-ray generating section (10) to the vicinity of the ink jet recording head 
O (5). Thick film printing is performed by repeating a step for ejecting UV-curing ink from the ink jet recording head (5) to the print 
^ sheet (3) and a step for curing the UV-curing ink hitting on the print sheet (3) by means of the UV-ray irradiator (A) immediately 



after the ink ejection step. 
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